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© Phase-difference detecting circuit 



© A phase comparison circuit comprising phase 
comparison means for generating an output signal 
corresponding to the difference in phase between a 
first input signal and a second input signal, the 
phase comparison means having an active mode, 
(^and a standby mode in which power consumption is 
^reduced; and phase-difference detecting means con- 
^nected to the phase comparison means for output- 
{Yjting a control signal when the phase difference be- 
fstween the first and second input signals is smaller 
j^than a predetermined value; the phase comparison 
©means being switched from the standby mode to the 
^■active mode in response to the control signal. 
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PHASE-DIFFERENCE DETECTING CIRCUIT 



FIELD OF THE INVENTION 



The present invention relates in general to a 
phase-difference detecting circuit and in particular 
to such a circuit that is used in a frequency syn- 
thesizer using a PLL (phase-locked loop). 



DESCRIPTION OF THE PRIOR ART 



The phase-locked loop or PLL is a circuit which 
generates a signal corresponding in phase and 
frequency to an input signal, and widely used in 
the control of the number of revolutions of a motor 
(for example, audio player) and in a frequency 
synthesizer. When it is desired to make a fre- 
quency of oscillation stable and make a frequency 
variable, an oscillator of the PLL synthesizer type is 
eminently suited and also used in a FM transmitter. 

With recent extensions in the application of 
PLLs, improvements in various characteristics for 
PLLs have been required. For example, improve- 
ments in the shortening of a lock-up time and the 
stability of PLLs have been required. Among fre- 
quency synthesizers using a PLL, in order to mini- 
mize power consumption of the entire circuit, there 
is known a frequency synthesizer which intermit- 
tently operates the PLL with two modes, which 
comprise a standby mode that the circuit stops and 
is thus in the low power consumption state, and an 
operating mode that the circuit is in the operating 
state. 

In the intermittent-operation type PLL frequen- 
cy synthesizer, there are basically two methods of 
operation stop. One is a method in which a power 
supply for circuits other than a voltage-controlled 
oscillator (VCO) in the PLL is turned off, the VCO 
input voltage is held with the time constant of a 
low-pass filter, and the VCO output frequency is 
held at a frequency nearly equal to the frequency 
of the lock time of the PLL Another is a method in 
which a power supply for the entire PLL circuit 
including a VCO is turned off. In either method, it is 
necessary that the VCO output oscillating frequen- 
cy do not largely fluctuate, when the operation of 
the PLL is started again by turning on the power 
supply. 

A conventional PLL frequency synthesizer of 
the above type is shown, for example, in Fig. 10. In 
the figure, a reference oscillator 1 comprises a 
stable crystal oscillator and generates an original 
signal X| n . A reference divider 2 is programmed to 
divide the frequency of the original signal X ta from 



the reference oscillator 1 by the number R, and 
produces a reference signal f r whose frequency is 
equal to the frequency of the original signal Xi„ 
divided by R. A comparison divider 4 is pro- 

5 grammed to divide the frequency of an output 
signal f ln from a VCO 7 by the number N. and 
produces a variation signal f v whose frequency is 
equal to the frequency of the VCO output signal f m 
divided by N. A phase comparator 3 is a phase 

70 detecting circuit by logic, and compares the fre- 
quency and phase of the reference signal f r with 
the frequency and phase of the variation signal f v . 
The phase comparator. 3 outputs comparison out- 
puts Eu and E D proportional to the difference in 

75 frequency and phase between the two signals f, 
and f v . If the reference signal f r leads the variation 
signal f v in phase or f r is higher in frequency than f v 
(f r > f v )» the comparison output E y will go low for a 
time proportional the difference in phase between 

20 the two signals, but the comparison output Ed 
remains high. If, on the other hand, the variation 
signal f v leads the reference signal f r in phase or f v 
is higher in frequency than f r <f v > f r ), the compari- 
son output E D will go low for a time proportional to 

25 the difference in phase between the two signals, 
but the comparison output E 0 remains high. If the 
phases of the reference signal f r and the variation 
signal f v are the same, the comparison outputs Ey 
and E D will both go high. A charge pump 5 com- 

30 prises, for example, P-channel and N-channel MOS 
(metal-oxide semiconductor) transistors and an in- 
verter. Based on the comparison outputs Eu and 
E D , the charge pump 5 outputs a signal that will go 
to the high impedance state when the comparison 

35 outputs Eu and E D are both high, and outputs a 
signal that will go high or low when Eu is low and 
E D is high or when E y is high and E D is low. That 
is, the comparison output Eu or E D is low for a time 
proportional to the difference in phase between the 

40 two signals f r and f v , so that the MOS transistors of 
the charge pump 5 are turned on to charge or 
discharge the output lines. By such a function, an 
error voltage resulting from the phase difference 
between the two signals f r and f v is produced on 

45 the output of a LPF (low-pass filter) 6 connected to 
the charge pump 5. The VCO 7 is an oscillator 
whose output frequence can be easily varied by 
changing an externally applied voltage. If the phase 
of signal f v leads the phase of signal f r , then the 

so VCO oscillating frequency will be decreased until 
the two signals f r and f v becomes the same in 
phase. If the phase of signal f r leads the phase of 
signal f v . then the VCO oscillating frequency will be 
increased until the two signals f r and f v becomes 
the same in phase. 
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In the PLL constructed as described above, on 
the output terminal of the VCO 7 is produced a 
signal which is in phase with the reference signal f r 
and has a frequency f^o (= N # f r ). Therefore, if the 
comparison divider 4 comprises a programmable 
counter and the number N applied to the divider is 
changed to an arbitrary number by an external 
control signal, then a signal with a desired fre- 
quency can be produced on the VCO output termi- 
nal. 

However, in the conventional phase-difference 
detecting circuit having a function of intermittent 
operation by two modes of a standby mode and an 
operating mode, when the circuit is alternately op- 
erated and stopped at intervals of a predetermined 
time, the relative phase relationship between the 
reference signal f r and the comparison signal f v 
was instable, even if the frequencies of the two 
signals were made the same by some method at 
the time the standby mode has been switched to 
the operating mode. That is, since changing the 
mode cannot make stable the levels of the flip- 
flops of the reference divider 2 and comparison 
divider 4 r ft cannot be predicted which time the 
signals f r and f v are outputted at. For this reason, if 
the circuit is operated again in a condition where 
the phase difference between the signals f r and f v 
to be supplied to the phase comparator 3 has been 
large, the phase comparator 3 will tend to output a 
very large error signal. Since in that case the PLL 
is operated to reduce the phase difference between 
the signals f r and f Vl the VCO output oscillating 
frequency f^o largely changes immediately after 
the operation of the PLL Consequently, there is the 
problem that the loop takes a long time to acquire 
lock. 

It is therefore an object of the present invention 
to provide an improved phase-difference detecting 
circuit which is used in a PLL frequency syn- 
thesizer and the like and which is capable of mini- 
mizing the change in the VCO output frequency at 
the start time of the PLL operation and consider- 
ably shortening the time needed to lock the loop in 
phase and frequency. 



SUMMARY OF THE INVENTION 



In accordance with one important aspect of the 
present invention, there is provided a phase com- 
parison circuit comprising phase comparison 
means for generating an output signal correspond- 
ing to the difference in phase between a first input 
signal and a second input signal, the phase com- 
parison means having an active mode, and a stan- 
dby mode in which power consumption is reduced; 
and phase-difference detecting means connected 



to the phase comparison means for outputting a 
control signal when the phase difference between 
the first and second input signals is smaller than a 
predetermined value. The phase comparison 

s means is switched from the standby mode to the 
active mode in response to the control signal. 

In accordance with another important aspect of 
the present invention, there is provided a semicon- 
ductor integrated circuit device comprising phase 

w comparison means for generating an output signal 
corresponding to the difference in phase between a 
first external input signal and a second external 
input signal, the phase comparison means having 
an active mode, and a standby mode in which 

75 power consumption is reduced; and phase-differ- 
ence detecting means connected to the phase 
comparison means for outputting a control signal 
when an external power save control signal in- 
dicates the switching from the standby mode to the 

20 active mode and when the phase difference be- 
tween the external first and second input signals is 
smaller than a predetermined value. The phase 
comparison means is switched from the standby 
mode to the active mode in response to the control 

25 signal. 

In accordance with another important aspect of 
the present invention, there is provided an 
intermittent-operation type phase-locked loop sys- 
tem comprising a phase-locked loop circuit for gen- 

30 erating an output signal synchronizing in phase 
with a reference signal, the phase-locked loop cir- 
cuit having an active mode and a standby mode in 
which power consumption is reduced, and the 
phase-locked loop circuit being switched from the 

35 active mode to the standby mode in response to a 
power save control signal; and phase-difference 
detecting circuit connected to the phase-locked 
loop circuit for outputting a control signal when the 
power save control signal is released and when a 

40 phase difference between the reference signal and 
the output signal is smaller than a predetermined 
value. The phase-locked loop circuit is switched 
from the standby mode to the active mode in 
response to the control signal. 

46 In accordance with another important aspect of 
the present Invention, there is provided a method 
of reducing the power consumption of a phase- 
locked loop system, comprising the steps of com- 
paring the phase of a first signal with the phase of 

so a second signal; reducing the power consumption 
by forcing a part of the phase-locked loop system 
to a standby state; detecting the difference in 
phase between the first and second signals; and 
switching the power reducing step to the phase 

55 comparing step when the phase difference is 
smaller than a predetermined value. 

In accordance with another important aspect of 
the present invention, there is provided a phase 
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comparison circuit comprising hold means for hold- 
ing logic levels of two different frequency input 
signals; and signal output means for outputtlng a 
signal informing that there is substantially no phase 
difference between the two signals, when the two 
signals held by the hold means rise or fall within a 
predetermined range. 

In accordance with another important aspect of 
the present invention, there is provided a phase 
comparison circuit comprising a first flip-flop having 
a data input terminal to which a first signal with a 
first frequency is inputted and a clock input termi- 
nal to which a second signal with a second fre- 
quency is inputted; delay means for delaying the 
second signal by a predetermined delay; a second 
flip-flop having a data input terminal to which the 
first signal is inputted and a clock input terminal to 
which an output of the delay means is inputted; 
logic means to which the first signal, an output of 
the first flip-flop, and an output of the second flip- 
flop are inputted; and when the first flip-flop output 
and the second flip-flop output rise or fall within a 
predetermined range, a signal for informing that 
there is substantially no phase difference between 
the two outputs being outputted by the logic 
means. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The above and other objects and advantages 
will become apparent from the following detailed 
description when read in conjunction with the ac- 
companying drawings wherein: 

FIG. 1 is a block diagram showing the struc- 
ture of a phase-difference detecting circuit in ac- 
cordance with the present invention; 

FIG. 2 is a block diagram showing a PLL 
frequency synthesizer to which the phase-differ- 
ence detecting circuit is applied; 

FIG. 3 schematically illustrates the structure 
of the divide-by-N counter of FIG. 2; 

FIG. 4 schematically illustrates the structure 
of the phase comparator and charge pump of FIG. 
2; 

FIGS. 5 and 6 are timing diagrams showing 
how the phase-difference detecting circuit is op- 
erated; 

FIG. 7(a) shows a condition where the phase 
difference between input signals 1NA and INB is 
always above a predetermined time difference dt; 

FIG. 7(b) shows a condition where the phase 
difference is less than the predetermined time dif- 
ference dt; 

FIG. 8 is a timing diagram used to explain 
the reason that, besides the XQ1 output of the 
DFF1 and (the Q2 output of the DFF2, the signal 



INA is inputted to the 3-input NAND gate; 

FIG. 9 is a timing diagram showing how the 
' PLL IC of FIG. 2 is operated; and 

FIG. 10 is a block diagram showing the 
6 structure of a conventional PLL frequency syn- 
thesizer. 



DESCRIPTION OF THE PREFERRED EMBODI- 
70 MENT 



Referring to Fig. 1, there is shown a preferred 
embodiment of a phase-difference detecting circuit 
is 11 in accordance with the present invention. The 
phase-difference detecting circuit 11 comprises a 
phase-difference detecting part 12 for detecting a 
phase difference between a first signal INA with a 
first frequency and a second signal INB with a 
20 second frequency, and a latching part 13 for latch- 
ing an output of the phase-difference detecting part 
12 and outputting it as an output "OUT" of the 
phase-difference detecting circuit 11. The phase- 
difference detecting part 12 is constituted by a first 
25 D flip-flop (DFF1) 14, a second D flip-flop (DFF2) 
15, a delay circuit (delay means) 18 comprising 
inverters 16 and 17, and a 3-input NAND gate 
(logic means) 19. 

The first D flip-flop (DFF1) 14 has a data termi- 
30 nal D to which the first signal INA different in 
frequency from the second signal INB is inputted, a 
clock terminal CK to which the second signal INB 
is inputted, a reset terminal to which a reset signal 
RES is inputted, and an output terminal XQ1 con- 
35 nected to an input terminal of the 3-input NAND 
gate 19. Likewise, the second D flip-flop (DFF2) 15 
has a data terminal D to which the first signal INA 
is inputted, a clock terminal CK to which a third 
signal INC delayed from the second signal INB by 
40 a predetermined time (phase) difference dt by the 
delay circuit 18 Is inputted, a reset terminal to 
which the reset signal RES is inputted, and an 
output terminal 02 connected to an input terminal 
of the 3-input NAND gate 19. The first signal INA 
45 with a first frequency is also inputted to the 3-input 
NAND gate 19. The output X of the 3-input NAND 
gate 19 is outputted to the latching part 13, which 
is constituted by cross-coupled NAND gates 20, 21 
and an inverter 22. The NAND gate 20 has an input 
50 terminal to which the output X of the 3-input NAND 
gate 19 is inputted, while the NAND gate 21 has an 
input terminal to which the reset signal RES is 
inputted. Accordingly, the same first signal INA is 
inputted to both the first flip-flop 14 and the second 
55 flip-flop 15, and the clock of the second flip-flop 15 
is delayed from the clock of the first flip-flop 14 by 
the time difference dt between the signals INB and 
INC. 
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Fig. 2 schematically illustrates a PLL frequency 
synthesizer to which the phase-difference detecting 
circuit 11 is applied. The parts substantially iden- 
tical to corresponding parts of Fig. 10 are des- 
ignated by the same reference numerals and there- 
fore a detailed description of the Identical parts will 
not be given. In Fig. 2, a PLL integrated circuit (IC) 
31 comprises a first AND gate 32 to which a signal 
OSCin and a power save control signal PS respec- 
tively corresponding to the signals INA and RES of 
Fig. 1 are inputted, a second AND gate 33 to which 
the power save control signal PS and a signal im - 
(corresponding to the signal INB of Rg. 1) output- 
ted from a VCO are inputted, a programmable 
reference frequency divider 2 to which the output 
of the first AND gate 32 is inputted, and a program- 
mable comparison frequency divider 4 to which the 
output of the second AND gate 33 is inputted. The 
outputs of the AND gates 32 and 33 and the power 
save control signal PS are inputted to a phase- 
difference detecting circuit 11, which detects the 
phase difference between the two signals OSC JN 
and f rN and outputs a control signal PS1 corre- 
sponding to the output (OUT) of the phase-dif- 
ference detecting circuit 1 1 of Fig. 1 to the refer- 
ence frequency divider 2 and the comparison .fre- 
quency divider 4. The output f r of the reference 
frequency divider 2, the output f v of the comparison 
frequency divider 4, the power save control signal 
PS, and the control signal PS1 are inputted to a 
phase comparator 3. The phase comparator 3 is 
connected to a charge pump 5, which outputs the 
PLL IC output D 0 to a low-pass filter 6 connected to 
the VCO 7. Note that the standby control of the 
phase comparator 3 may be performed by the 
power save control signal PS Instead of the control 
signal PS1, as shown by the broken line in Fig. 2. 
In that case, the phase comparator 3 becomes 
active earlier than the frequency dividers 2 and 4, 
but there is no problem because the frequency 
dividers 2 and 4 do not become active until the 
phases of the signals OSC w and f^ become small. 

Fig. 3 schematically illustrates the structure of 
the dlvide-by-N frequency divider 4, which is sub- 
stantially the same as that of the divide-by-R fre- 
quency divider 2. The output control signal PS1 
from the phase-difference detecting circuit 1 1 goes 
low in the standby mode (when PS = 0). If the 
SET terminals of a first flip-flop F1 and a second 
flip-flop F2 are low and the CLEAR terminal of a 
third flip-flop is low, then the Q1 output of the first 
flip-flop F1 and the Q2 output of the second flip- 
flop F2 go high, and the Q3 output of the third flip- 
flop F3 goes low. The Q3 output of the third flip- 
flop F3 is connected to the LOAD terminals of flip- 
flops fl through fn and a NOR gate 34. The Q 
outputs of the flip-flops f1 through fn are connected 
through inverters to the inputs of a detecting circuit 



DET for detecting a digital value 4. The output of 
the circuit DET is connected to the D input of the 
first flip-flop Fl. At the time of the load state (LOAD 
= low), the flip-flops f1 through fn is in the 
5 dividing-ratio data reading state, and do no go to 
the counting state even if the clock signal f, N is 
inputted. Since the two inputs of the NOR gate 34 
are low and high at that time, the output f v of the 
frequency divider 4 goes to low. If in the active 

to mode (when PS * 1) the input signals to the 
frequency dividers 2 and 4 rise at the same time, 
the control signal PS1 will go high. As a result, the 
output f v goes high because the two inputs of the 
NOR gate 34 are both low at the time the control 

75 signal PS1 goes high, and therefore the output f v is 
outputted. If the control signal PS1 is high, the flip- 
flops F1, F2 and F3 are all reset, and the count will 
start when the clock signal f JN makes a low-to-high 
transition. If the LOAD terminals of the flip-flops f1 

20 through fn go to high level, the flip-flops fl through 
fn are all reset and the dividing operation will start. 
Thereafter, the dividing operation is performed ac- 
cording to a predetermined dividing ratio. 

Rg. 4 schematically illustrates the structure of 

25 the phase comparator 3 and the charge pump 5. In 
the standby mode (when PS = 0), the flip-flops Fa 
and Fb of the phase comparator 3 go to the clear 
state because the control signal PS1 is low. The Q 
output of the flip-flop Fa goes low, and the XQ 

30 output of the flip-flop Fb goes high. At this time, 
the P-channel and N-channel MOS transistors of 
the charge pump 5 are both cut off, and the PLL IC 
output D 0 goee to the high impedance state. If the 
control signal PS1 goes high, then flip-flops Fa and 

35 Fb are reset (because one of the two inputs of a 
NAND gate 35 goes high), and the normal phase 
comparison operation for detecting the phase dif- 
ference between the reference signal f r and the 
variation signal f v is performed. Note that the PLL 

40 IC output D 0 is held to the high impedance state 
until the phase comparison operation starts. 
The operation will hereinafter be described. 
Rgs. 5 and 6 are timing diagrams showing how 
the phase-difference detecting circuit 11 is op- 

45 erated. Fig. 5 shows waveforms when the phase 
difference t1 between the input signals INA and 
INB is greater that the phase difference dt between 
the input signals INB and INC, while Rg. 6 shows 
waveforms when the phase difference t2 between 

50 the input signals INA and INB is less than the 
phase difference dt between the input signals INB 
and INC. Suppose that the signals INA and INB are 
different signals which are not the same In fre- 
quency and phase. If, with such a condition, the 

55 RES Input is not asserted and the* two signals INA 
and INB are inputted, the relationship between the 
two signals will go to the state shown in Rgs. 5 and 
6. 
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Since in Rg. 5 the phase difference t1 between 
the two signals INA and INB is above the phase 
difference dt between the signals INB and INC, the 
XQ1 output of the D flip-flop 14 or DFF1 is low and 
the Q output of the D flip-flop 15 or DFF2 is high, 
so that the output (OUT) of the phase-difference 
detecting circuit 11 remains low. 

If, as shown in Fig. 6, the rising edge of the 
signal INB leads the rising edge of the signal INA 
and the phase difference t2 between the two sig- 
nals INA and INB is within the phase difference dt 
between the signals INB and INC, the XQ1 output 
of the DFF1 will go high because the DFF1 reads 
the level of the signal INA before the rising edge of 
the signal INA, and the Q2 output of the DFF2 will 
go high because the DFF2 reads the level of the 
signal INA after the rising edge of the signal INA. 
Since at this time the signal INA is high, the output 
X of the NAND gate 19 goes low and the output 
(OUT) of the detecting circuit 11 thus goes low. In 
this way, the state where the phase difference 
between the two signals INA and INB is within the 
phase difference dt between the signals INB and 
INC is detected. 

If, as shown in Fig. 7(a), the frequencies of the 
input signals INA and INB both do not vary and the 
phase difference t1 is greater than dt the PLL will 
not be operated because the phase difference is 
always above a predetermined time difference dt. 
In order to avoid this condition, the signals INA and 
INB are not the same in frequency and phase, and 
therefore there is a moment that a phase difference 
t6 becomes less than dt, as shown in Rg. 7(b). In 
fact In the intermittent operation of a PLL, the 
charge pump output goes to the high impedance 
state at the standby timq, and the low-pass filter 
can hold the output voltage when the loop is 
locked, by the capacity. However, the condition of 
Rg. 7(a) that the phase difference is always above 
the predetermined time difference dt cannot occur 
because the output voltage slightly varies due to 
the leak current and thus the frequency slightly 
varies. 

Note that the phase difference dt between the 
signals INB and INC can be easily varied by simply 
increasing and decreasing the number of the in- 
verters 16 and 17 of the delay circuit 18. The 
phase difference dt between the signals INB and 
INC is set so that the two low-to-high transitions or 
high-to-low transitions can quickly match depend- 
ing on the frequencies of the two signals. For 
example, when the low-to-high transition of the 
signal INA does not match with the low-to-high 
transition of the signal INB, a larger phase dif- 
ference dt is set In the phase-difference detecting 
circuit 11, the low-to-high transitions of the signals 
INA and INB are detected at the same time. If the 
output (OUT) of the phase-difference detecting cir- 



cuit 11 changes, it will be necessary to reset the 
circuit to detect the low-to-high transition after that 
time. The reset signal RES is therefore inputted to 
the DFF1, DFF2 and the latching part 13, as shown 

5 in Fig. 1. 

In the embodiment of Fig. 1 , in addition to the 
XQ1 output of the DFF1 and the Q2 output of the 
DFF2, the signal INA is inputted to the 3-input 
NAND gate 19. The reasons are as follows. That is, 
10 if the signal INA is left unconnected and only the 
XQ1 and Q2 outputs are connected, the output X of 
the circuit 11 will go low regardless of the phase 
difference between the signals INA and INB, as 
shown in the point A of Rg. 8. Consequently, the 
15 output (OUT) of the circuit 11 that is to change at 
the point B of Rg. 8 will change. The reason is 
that, when the Q2 output of the DFF2 goes high at 
the point (a) of Rg. 8 and at the point A the XQ1 
output of the DFF1 goes high and the 02 output 
20 goes low, the Q2 output is delayed by the phase 
difference dt between the signals INB and INC and 
therefore the output X of the NAND gate 19 goes 
to a low level. In the embodiment of Rg. 1, the 
signal INA is inputted to the NAND gate 19 to 
25 eliminate this incorrect operation, and the above 
described problem is thus overcome. 

Rg. 9 shows a timing diagram when the phase- 
difference detecting circuit 11 is applied to the PLL 
IC 31. In the figure, suppose now that the PLL IC 
30 31 is in the standby mode (PS = low). With this 
state, each counter goes to the reset state, the 
charge pump output goes to the high impedance 
state. Therefore, since the voltage at the time of 
lock is held by the CR time constant of the low- 
35 pass filter 6, the external VCO 7 ideally oscillates 
at a frequency fj N of the lock time, but in fact the 
VCO oscillating frequency slightly changes due to 
leak. 

If the standby mode is switched to the operat- 
40 ing mode, each input gate is then opened, the 
oscillating output of the external OSC is inputted by 
the OSCiN signal and enters the phase-difference 
detecting circuit 11. The VCO oscillating output is 
also inputted by the im signal and enters the 
45 phase-difference detecting circuit 11. If the rising 
edges of the two signals become the relationship of 
Rg. 6, then the control signal PS1 is outputted 
from the circuit 11 to the frequency dividers 2 and 
4. If the frequency dividers 2 and 4 are operated at 
so the same time as the input of the control signal 
PS1 to the frequency dividers 2 and 4 to output the 
signals f r and f v to the phase comparator 3, an 
error signal will become very small and thus the 
lock-up time can be greatly quickened. 
55 Thus, In the present invention, the transition 
state where two different frequency signals go high 
or low at the same time with a predetermined 
range is detected, and at the same time the coun- 
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ters of the reference frequency divider 2 and com- 
parator frequency divider 4 are operated. There- 
fore, if the phase-difference detecting circuit 11 
according to the present invention is used, for 
example, in an intermittently operated PLL iC, the 
reference signal f r and the comparison signal f v 
which are the same in phase can be produced for 
a very short time. Consequently, the error signal 
can be made very small and the lock-up time is 
thus greatly shortened, so that the performance of 
the PLL synthesizer is greatly enhanced. 

The invention has been described with refer- 
ence to the preferred embodiment. Obviously 
modifications and alternations will occur to others 
upon a reading and understanding of this applica- 
tion. It is intended to include all such modifications 
and alternations insofar as they come within the 
scope of the appended claims or the equivalents 
thereof. 



Claims 

1 . A phase comparison circuit comprising: 
phase comparison means for generating an output 
signal corresponding to the difference in phase 
between a first input signal and a second input 
signal, the phase comparison means having an 
active mode, and a standby mode in which power 
consumption is reduced; and 
phase-difference detecting means connected to 
said phase comparison means for outputting a con- 
trol signal when the phase difference between said 
first and second input signals is smaller than a 
predetermined value; 

said phase comparison means being switched from 
said standby mode to said active mode in re- 
sponse to said control signal. 

2. A phase comparison circuit as set forth in 
claim 1, wherein said phase comparison means 
comprises a first frequency divider for dividing said 
first input signal, a second frequency divider for 
dividing said second input signal, and a phase 
comparator to which an output of said first fre- 
quency divider and an output of said second fre- 
quency divider are inputted, each of said first and 
second frequency divider having said active mode 
and standby mode and being switched from said 
standby mode to said active mode in response to 
said control signal. 

3. A phase comparison circuit as set forth in 
claim 2, wherein said phase comparator has said 
active mode and standby mode, and is switched 
from said standby mode to said active mode in 
response to said control signal. 

4. A phase comparison circuit as set forth in 
any of claims 1 to 3, wherein said phase-difference 
detecting means comprises: 



a first flip-flop having a data input terminal to which 
said first input signal is inputted and a clock input 
terminal to which said second input signal is input- 
ted; 

s delay means for delaying said second Input signal 
by a predetermined delay; 
a second flip-flop having a data input terminal to 
which said first input signal is inputted and a clock 
input terminal to which an output of said' delay 

to means is inputted; 

logic means to which said first input signal, an 
output of said first flip-flop, and an output of said 
second flip-flop are inputted; and 
when said first flip-flop output and said second flip- 

16 fiop output rise or fall within a predetermined 
range, a signal for informing that there is substan- 
tially no phase difference between said two outputs 
being outputted by said logic means. 

5. A semiconductor integrated circuit device 
20 comprising: 

phase comparison means for generating an output 
signal corresponding to the difference in phase 
between a first external input signal and a second 
external input signal, the phase comparison means 

25 having an active mode, and a standby mode in 
which power consumption is reduced; and 
phase-difference detecting means connected to 
said phase comparison means for outputting a con- 
trol signal when an external power save control 

30 signal indicates the switching from said standby 
mode to said active mode and when said phase 
difference between said external first and second 
input signals is smaller than a predetermined value; 
said phase comparison means being switched from 

35 said standby mode to said active mode in re- 
sponse to said control signal. 

6. A semiconductor integrated circuit device as 
set forth In claim 5, wherein said phase comparison 
means comprises a first frequency divider for divid- 

40 ing said first external input signal, a second fre- 
quency divider for dividing said second external 
input signal, a phase comparator to which an out- 
put of said first frequency divider and an output of 
said second frequency divider are inputted, each of 

45 said first and second frequency divider having said 
active mode and standby mode and being 
switched from said standby mode to said active 
mode in response to said control signal. 

7. A semiconductor integrated circuit device as 
50 set forth in claim 6, wherein said phase comparison 

means has said active mode and standby mode, 
and is switched from said standby mode to said 
active mode in response to said external power 
save control signal. 
55 8. A semiconductor integrated circuit device as. 
set forth in claim 6, wherein said phase comparator 
has said active mode and standby mode, and is 
switched from said standby mode to said active 
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mode in response to said control signal. 

9. A semiconductor integrated circuit device as 
set forth in claim 6, wherein said phase comparison 
means further comprises 

a first gate circuit having input terminals to which 
said first external input signal and said external 
power save control signal are inputted, and an 
output terminal connected to said first frequency 
divider; and 

a second gate circuit having input terminals to 
which said second external input signal and said 
external power save control signal are inputted, and 
an output terminal connected to said first frequency 
divider; 

said first and second gate circuits allowing said first 
and second external input signals to pass thereth- 
rough when said external power save control signal 
is active, and preventing said first and second 
external input signals from passing therethrough 
when said external power save control signal is 
inactive. 

10. An intermittent-operation type phase-locked 
loop system comprising: 

a phase-locked loop circuit for generating an output 
signal synchronizing in phase with a reference sig- 
nal, the phase-locked loop circuit having an active 
mode and a standby mode in which power con- 
sumption is reduced, and the phase-locked loop 
circuit being switched from said active mode to 
said standby mode in response to a power save 
control signal; and 

phase-difference detecting circuit connected to 
said phase-locked loop circuit for outputting a con- 
trol signal when said power save control signal is 
released and when a phase difference between 
said reference signal and said output signal is 
smaller than a predetermined value; 
said phase-locked loop circuit being switched from 
said standby mode to said active mode in re- 
sponse to said control signal. 

11. A method of reducing the power consump- 
tion of a phase-locked loop system, comprising the 
steps of: 

comparing the phase of a first signal with the 
phase of a second signal; 

reducing said power consumption by forcing a part 
of said phase-locked loop system to a standby 
state; 

detecting the difference in phase between said first 
and second signals; and 

switching the power reducing step to the phase 
comparing step when said phase difference is 
smaller than a predetermined value. 

12. A phase comparison circuit comprising: 
hold means for holding logic levels of two different 
frequency input signals; and 

signal output means for outputting a signal inform- 
ing that there is substantially no phase difference 
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between said two signals, when said two signals 
held by said hold means rise or fall within a pre- 
determined range. 

13. A phase comparison circuit comprising: 
a first flip-flop having a data input terminal to which 
a first signal with a first frequency is inputted and a 
clock input terminal to which a second signal with a 
second frequency is inputted; 
delay means for delaying said second signal by a 
predetermined delay; 

a second flip-flop having a data input terminal to 
which said first signal is inputted and a clock input 
terminal to which an output of said delay means is 
inputted; 

logic means to which said first signal, an output of 
said first flip-flop, and an output of said second flip- 
flop are inputted; and 

when said first flip-flop output and said second flip- 
flop output rise or fall within a predetermined 
range, a signal for informing that there is substan- 
tially no phase difference between said two outputs 
being outputted by said logic means. 



50 



55 



8 



EP 0 402 736 A2 



IN BP- 
RES* 
(PS) 




FIG. I 



EP 0 402 736 A2 



SD 
O 




EP 0 402 736 A2 



SETTING OF DIVIDING RATIO 

A 



Kin) 




FIG. 3 



- EP 0 402 736 A2 



o 
Q 

Q 



m 



*-iir 



ft H 



a — g 



*3 




6 

> 



El 



CO 



6 

2 



EP 0 402 736 A2 



I N A 
I NB 
INC 
XQ1 

Q2 
X 

OUT 



1 


-i — 


1 

1 




! 




1 






1" 

1 


i 
















u 


Ldt^ 
-Ml — 





ti>dt 



FIG. 5 



IN A 
1 NB 
INC 

XQ 1 

Q2 

X 

OUT 



j 



t2£dt 

FIG. 6 



EP 0 402 736 A2 



INA 


I I 1 


1 1 1 1 1 


! 

1MB 


. 1 M 






M M 




• 

f — * 


V — * 

: 12 








* — »! 
{ If 





11 m 12 - 13 - U - 15 >(Jl 



FIG. 7 (a) 



m 

1KB 





1 I I 










i ! ! 


t 




u 




U — 


i . 

» 




St « 'A — ♦ 

'• 11* ! t 2 


! ! 13 


1 




i 


: t5 l 5 



FIG.7 (»>) 



EP 0 402 736 A2 




EP 0 402 736 A2 



J 

TCXO 



fin 



XiCL 







3 

i 




5 

_L 


2 












( 






Ell 






R COUNTER 




PHASE 




CHARGE 
HHP 






1 fv 


CCKPARATOR 


ED 






1 . I 











vco 



LPF 



OUTPUT 



FIG.IO 



